aryl S-alkylthiocarbamate derivatives under mild conditions in high yields. Briefly, the synthesis of S-ethyl N-phenylthiocarbamate (A) was conducted as follows; Phenyl isocyanate (0.22 ml, 2.0 mmol) was added to a THF solution (10 ml) of LiAlHSH (1.0 mmol). The reaction mixture was stirred at room temperature for 1 h, and ethyl iodide (0.06 ml, 1.0 mmol) was added, and stirred at room temperature for 3 h. The mixture was then extracted with dichloromethane, washed with distilled water, and the organic layer was dried over sodium sulfate and evaporated to dryness. The residue was purified by flash chromatography on silica gel with dichloromethane : hexane (1 : 2) This study reports the potent inhibitory effect of N-aryl S-alkylthiocarbamate derivatives on mushroom tyrosinase (MT) activity. N-Aryl S-alkylthiocarbamate derivatives were found to exhibit a potent inhibitory effect on the dopa (3,4-dihydroxyphenylalanine) oxidase activity of mushroom tyrosinase. Most of the N-aryl S-alkylthiocarbamate derivatives (compounds from A to J) exhibited higher inhibitory effects than kojic acid (IC 50 ‫813؍‬ m mm), a well known tyrosinase inhibitor. Tyrosinase was the most inhibited by S-phenetyl N-phenylthiocarbamate (compound E, IC 50 ‫52.7؍‬ m mM), and this inhibition was 44 times stronger than that of kojic acid. Compound E exhibited 95.0% of inhibition at 100 m mM. A kinetic study of MT inhibition by compound E using the Lineweaver-Burk plots analysis was performed. And the kinetics profiles observed suggest that compound E competitively inhibits MT. Compound K was synthesized by following method; to a mixture of benzoic acid (300 mg, 2.5 mM) and trichloro acetonitrile (490 ml, 4.9 mM) in CH 2 Cl 2 (7 ml), Ph 3 P (1.3 g, 4.9 mM) in CH 2 Cl 2 (5 ml) was added under nitrogen at room temperature. After stirring for 4 h, the reaction mixture was treated with aniline (225 ml, 5 mM) and mixture was stirring for 12 h.
The reaction mixture was poured into water and extracted with ethlyacetate. The extract was washed with brine, and the organic layer was dried over sodium sulfate and evaporated to dryness. The residue was purified by flash chromatography on silica gel with dichloromethane : methanol 
Assay of Tyrosinase Activity
The test compounds were dissolved in methanol at various concentrations (500 mM, 250 mM, 50 mM, 5 mM). 120 ml of L-dopa (8 mM, dissolved in 67 mM phosphate buffer, pH 6.8) and 40 ml of each N-aryl S-alkylthiocarbamate compound solution was added to a 96-well microplate, and 40 ml of mushroom tyrosinase (125 U) was added. After incubation at 37°C for 20 min, the amount of dopachrome in the reaction mixture was determined. Based on the optical density at 490 nm, the inhibitory activity was expressed as a concentration, i.e., the concentration required to inhibit the enzyme activity by 50% (IC 50 ). Kojic acid was used as a positive control. The pattern of inhibition of the test compound was determined by Lineweaver-Burk's plot at various L-dopa concentrations.
Statistical Analysis Data are presented as the meansϮS.E. of three independent experiments. Different treatments were compared using the Student's t-test.
Results and Discussion
Inhibitory Effects of Compounds on Tyrosinase Activity Tyrosinase inhibitory effects by the N-aryl S-alkylthiocarbamate derivatives are presented in Table 1 . The majority of these N-aryl S-alkylthiocarbamate compounds inhibited tyrosinase more strongly than kojic acid. Compound E had the highest inhibitory effects with an IC 50 of 7.25 mM, and the level of inhibition increased dose dependently over the concentration range 1-100 mM. At 50 mM, the inhibitory effect of compound E exceeded 90% (Fig. 1) .
SARs of N-Aryl S-Alkylthiocarbamate Derivatives Compounds D, E and F with aromatic ring containing substituents at R 2 showed higher tyrosinase inhibition than the other N-aryl S-alkylthiocarbamate derivatives or DETC. Among these compounds, compound E (R 2 ϭphenetyl) had the greatest potency versus compound D (R 2 ϭS-benzyl) or compound F (R 2 ϭS-3-phenyl-propyl). However, introduction of the aliphatic chain at R 2 (compounds A, B, C) reduced inhibitory activity. This tendency was confirmed by comparing the inhibitory abilities of compounds A and D, with those of 748 Vol. 53, No. 7 compounds B and E. In terms of the R 1 positions, no functional group (compound C) was better than the methyl group (compound I) for tyrosinase inhibition on the same basic chemical skeleton.
In addition, the presence of sulfur may play a very important role in tyrosinase inhibitory activities. In the case of compound K including no sulfur atom, the inhibitory activity of the compound was very low.
Inhibition Pattern of Compound E Kinetic analysis showed that the compound E is a competitive inhibitor of mushroom tyrosinase. Compound E had the same V max value at several concentrations, but the K m value reduced with increasing concentration. Therefore, compound E was identified as competitive inhibitor of mushroom tyrosinase. As competitive inhibitor, kojic acid is well known.
In this study, compound E exhibited 44-fold higher tyrosinase inhibition than kojic acid, which also exceeds the inhibitory effect of oxyresveratrol, a recently reported potent tyrosinase inhibitor. The present study identified a useful candidate for potent tyrosinase inhibitor. Furthermore, our results suggest that compound E may act as a potent depigmenting agent.
